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(54) DISCRETE DIODE DEVICE, CIRCUIT HAVING BYPASS FUNCTION, AND CONVERTER

(57) This application provides a diode discrete de-
vice, a circuit with a bypass function, and a converter.
The diode discrete device is used in a circuit with a bypass
function, and the diode discrete device includes a dis-
crete device package, a first diode, and a second diode.
The first diode is a main circuit diode, the second diode
is a bypass diode, first performance of the first diode is
better than first performance of the second diode, and
the first performance includes a reverse recovery charge
and reverse recovery time. The first diode and the second
diode are packaged into the discrete device package,
and an anode of the first diode is connected to an anode
of the second diode, or a cathode of the first diode is
connected to a cathode of the second diode. The diode
discrete device can improve integration and power den-
sity of the circuit.
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201910867046.6, filed with the China
National Intellectual Property Administration on Septem-
ber 12, 2019 and entitled "DIODE DISCRETE DEVICE,
CIRCUIT WITH BYPASS FUNCTION, AND CONVERT-
ER", which is incorporated herein by reference in its en-
tirety.

TECHNICAL FIELD

[0002] This application relates to the circuit field, and
more specifically, to a diode discrete device, a circuit with
a bypass function, and a converter.

BACKGROUND

[0003] A boost (boost) circuit (or referred to as a boost
(boost) circuit) is used in a photovoltaic system, and can
convert a wide-range direct current voltage output by a
photovoltaic module into a stable direct current voltage,
to meet a later-stage inverter circuit. When an output volt-
age of the photovoltaic module is higher than a direct
current voltage level requirement of the inverter circuit,
an active switching device of the boost (boost) circuit
does not perform a switching action. In this case, an out-
put current of the photovoltaic module flows through a
main inductor and a main circuit diode of the boost (boost)
circuit, causing a loss.
[0004] Because conduction performance and switch-
ing performance of the main circuit diode of the boost
(boost) circuit need to be comprehensively considered,
a conduction voltage drop of the main circuit diode of the
boost (boost) circuit is usually relatively large, and cor-
respondingly a conduction loss of the circuit is also rel-
atively large. In this case, a bypass function is added to
the boost (boost) circuit, so that the conduction loss of
the circuit can be effectively reduced. However, when
the bypass function is added, an area and a volume of
the circuit also increase, and consequently integration
and power density of the circuit are reduced.
[0005] Therefore, how to improve integration and pow-
er density of a circuit becomes a technical problem that
needs to be resolved urgently.

SUMMARY

[0006] This application provides a diode discrete de-
vice, a circuit with a bypass function, and a converter, to
improve integration and power density of a circuit.
[0007] According to a first aspect, a diode discrete de-
vice is provided. The diode discrete device is used in a
circuit with a bypass function, and the diode discrete de-
vice includes a discrete device package body, a first di-
ode, and a second diode. The first diode is a main circuit
diode, the second diode is a bypass diode, first perform-
ance of the first diode is better than first performance of

the second diode, and the first performance includes a
reverse recovery charge and reverse recovery time. The
first diode and the second diode are packaged into the
discrete device package body, and an anode of the first
diode is connected to an anode of the second diode, or
a cathode of the first diode is connected to a cathode of
the second diode.
[0008] In this embodiment of this application, two di-
odes with different performance are packaged into one
discrete device package body, so that an area and a vol-
ume of a circuit can be reduced, thereby improving inte-
gration and power density of the circuit.
[0009] In addition, two diodes with different perform-
ance are packaged into one discrete device package
body, so that one discrete device package can be saved,
thereby reducing packaging costs.
[0010] Further, when the diode discrete device in this
embodiment of this application is used in the circuit with
the bypass function, only one diode causes a loss at a
same moment. Therefore, a heat dissipation requirement
can be met by using a heat sink corresponding to a single
discrete device package, so that a size of the heat sink
is reduced, and utilization of the heat sink can be im-
proved, thereby further reducing costs.
[0011] It should be noted that the first performance is
switching performance of the diode.
[0012] With reference to the first aspect, in some im-
plementations of the first aspect, the first diode is a wide-
bandgap semiconductor device, and the second diode
is a silicon-based semiconductor device.
[0013] With reference to the first aspect, in some im-
plementations of the first aspect, the wide-bandgap sem-
iconductor device is a silicon carbide semiconductor de-
vice, or the wide-bandgap semiconductor device is a gal-
lium nitride semiconductor device.
[0014] With reference to the first aspect, in some im-
plementations of the first aspect, both the first diode and
the second diode are silicon-based semiconductor de-
vices.
[0015] For example, the first diode may be a silicon-
based fast recovery diode, and the second diode may be
a silicon-based rectifier diode.
[0016] Optionally, the first performance may further in-
clude a reverse recovery current.
[0017] With reference to the first aspect, in some im-
plementations of the first aspect, second performance of
the second diode is better than second performance of
the first diode, and the second performance includes at
least one of a withstand voltage level, a conduction volt-
age drop, and a withstand current level.
[0018] In this embodiment of this application, when a
bypass of the circuit works, the bypass diode is forward
conducted. Therefore, if a conduction voltage drop of the
second diode is better than a conduction voltage drop of
the first diode, a loss is relatively low when the bypass
of the circuit works.
[0019] With reference to the first aspect, in some im-
plementations of the first aspect, the diode discrete de-
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vice includes at least three electrodes.
[0020] With reference to the first aspect, in some im-
plementations of the first aspect, the anode of the first
diode and the anode of the second diode are connected
to each other inside the discrete device package body;
the cathode of the first diode and the cathode of the sec-
ond diode are connected to each other inside the discrete
device package body; the anode of the first diode and
the anode of the second diode are connected to each
other outside the discrete device package body; or the
cathode of the first diode and the cathode of the second
diode are connected to each other outside the discrete
device package body.
[0021] With reference to the first aspect, in some im-
plementations of the first aspect, the discrete device
package body is a TO-247 package, the discrete device
package body is a TO-220 package, the discrete device
package body is a TO-263 package, or the discrete de-
vice package body is a TO-252 package.
[0022] According to a second aspect, a circuit with a
bypass function is provided. The circuit includes a main
circuit, a bypass, and a diode discrete device used in the
circuit. The diode discrete device includes a discrete de-
vice package body, a first diode, and a second diode, the
first diode is connected to the main circuit, and the second
diode is connected to the bypass. First performance of
the first diode is better than first performance of the sec-
ond diode, and the first performance includes a reverse
recovery charge and reverse recovery time. The first di-
ode and the second diode are packaged into the discrete
device package body, and an anode of the first diode is
connected to an anode of the second diode, or a cathode
of the first diode is connected to a cathode of the second
diode.
[0023] In this embodiment of this application, two di-
odes with different performance are packaged into one
discrete device package body, so that an area and a vol-
ume of a circuit can be reduced, thereby improving inte-
gration and power density of the circuit.
[0024] In addition, two diodes with different perform-
ance are packaged into one discrete device package
body, so that one discrete device package can be saved,
thereby reducing packaging costs.
[0025] Further, when the diode discrete device in this
embodiment of this application is used in the circuit with
the bypass function, only one diode causes a loss at a
same moment. Therefore, a heat dissipation requirement
can be met by using a heat sink corresponding to a single
discrete device package, so that a size of the heat sink
is reduced, and utilization of the heat sink can be im-
proved, thereby further reducing costs.
[0026] It should be noted that the first performance is
switching performance of the diode.
[0027] With reference to the second aspect, in some
implementations of the second aspect, the first diode is
a wide-bandgap semiconductor device, and the second
diode is a silicon-based semiconductor device.
[0028] With reference to the second aspect, in some

implementations of the second aspect, the wide-band-
gap semiconductor device is a silicon carbide semicon-
ductor device, or the wide-bandgap semiconductor de-
vice is a gallium nitride semiconductor device.
[0029] With reference to the second aspect, in some
implementations of the second aspect, both the first di-
ode and the second diode are silicon-based semicon-
ductor devices.
[0030] For example, the first diode may be a silicon-
based fast recovery diode, and the second diode may be
a silicon-based rectifier diode.
[0031] Optionally, the first performance may further in-
clude a reverse recovery current.
[0032] With reference to the second aspect, in some
implementations of the second aspect, second perform-
ance of the second diode is better than second perform-
ance of the first diode, and the second performance in-
cludes at least one of a withstand voltage level, a con-
duction voltage drop, and a withstand current level.
[0033] In this embodiment of this application, when the
bypass of the circuit works, a bypass diode is forward
conducted. Therefore, if a conduction voltage drop of the
second diode is better than a conduction voltage drop of
the first diode, a loss is relatively low when the bypass
of the circuit works.
[0034] With reference to the second aspect, in some
implementations of the second aspect, the diode discrete
device includes at least three electrodes.
[0035] With reference to the second aspect, in some
implementations of the second aspect, the anode of the
first diode and the anode of the second diode are con-
nected to each other inside the discrete device package
body; the cathode of the first diode and the cathode of
the second diode are connected to each other inside the
discrete device package body; the anode of the first diode
and the anode of the second diode are connected to each
other outside the discrete device package body; or the
cathode of the first diode and the cathode of the second
diode are connected to each other outside the discrete
device package body.
[0036] With reference to the second aspect, in some
implementations of the second aspect, the discrete de-
vice package body is a TO-247 package, the discrete
device package body is a TO-220 package, the discrete
device package body is a TO-263 package, or the dis-
crete device package body is a TO-252 package.
[0037] According to a third aspect, a converter is pro-
vided. The converter includes at least one diode discrete
device, and the diode discrete device includes a discrete
device package body, a first diode, and a second diode.
The first diode is a main circuit diode, the second diode
is a bypass diode, first performance of the first diode is
better than first performance of the second diode, and
the first performance includes a reverse recovery charge
and reverse recovery time. The first diode and the second
diode are packaged into the discrete device package
body, and an anode of the first diode is connected to an
anode of the second diode, or a cathode of the first diode
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is connected to a cathode of the second diode.
[0038] In this embodiment of this application, two di-
odes with different performance are packaged into one
discrete device package body, so that an area and a vol-
ume of a circuit can be reduced, thereby improving inte-
gration and power density of the circuit.
[0039] In addition, two diodes with different perform-
ance are packaged into one discrete device package
body, so that one discrete device package can be saved,
thereby reducing packaging costs.
[0040] Further, when the diode discrete device in this
embodiment of this application is used in a circuit with a
bypass function, only one diode causes a loss at a same
moment. Therefore, a heat dissipation requirement can
be met by using a heat sink corresponding to a single
discrete device package, so that a size of the heat sink
is reduced, and utilization of the heat sink can be im-
proved, thereby further reducing costs.
[0041] It should be noted that the first performance is
switching performance of the diode.
[0042] With reference to the third aspect, in some im-
plementations of the third aspect, the first diode is a wide-
bandgap semiconductor device, and the second diode
is a silicon-based semiconductor device.
[0043] With reference to the third aspect, in some im-
plementations of the third aspect, the wide-bandgap
semiconductor device is a silicon carbide semiconductor
device, or the wide-bandgap semiconductor device is a
gallium nitride semiconductor device.
[0044] With reference to the third aspect, in some im-
plementations of the third aspect, both the first diode and
the second diode are silicon-based semiconductor de-
vices.
[0045] For example, the first diode may be a silicon-
based fast recovery diode, and the second diode may be
a silicon-based rectifier diode.
[0046] Optionally, the first performance may further in-
clude a reverse recovery current.
[0047] With reference to the third aspect, in some im-
plementations of the third aspect, second performance
of the second diode is better than second performance
of the first diode, and the second performance includes
at least one of a withstand voltage level, a conduction
voltage drop, and a withstand current level.
[0048] In this embodiment of this application, when a
bypass of the circuit works, the bypass diode is forward
conducted. Therefore, if a conduction voltage drop of the
second diode is better than a conduction voltage drop of
the first diode, a loss is relatively low when the bypass
of the circuit works.
[0049] With reference to the third aspect, in some im-
plementations of the third aspect, the diode discrete de-
vice includes at least three electrodes.
[0050] With reference to the third aspect, in some im-
plementations of the third aspect, the anode of the first
diode and the anode of the second diode are connected
to each other inside the discrete device package body;
the cathode of the first diode and the cathode of the sec-

ond diode are connected to each other inside the discrete
device package body; the anode of the first diode and
the anode of the second diode are connected to each
other outside the discrete device package body; or the
cathode of the first diode and the cathode of the second
diode are connected to each other outside the discrete
device package body.
[0051] With reference to the third aspect, in some im-
plementations of the third aspect, the discrete device
package body is a TO-247 package, the discrete device
package body is a TO-220 package, the discrete device
package body is a TO-263 package, or the discrete de-
vice package body is a TO-252 package.
[0052] According to a fourth aspect, a discrete device
packaging method is provided, including: packaging a
first diode and a second diode into a same discrete device
package body to obtain a diode discrete device. The first
diode is a main circuit diode, the second diode is a bypass
diode, first performance of the first diode is better than
first performance of the second diode, the first perform-
ance includes a reverse recovery charge and reverse
recovery time, the first diode and the second diode are
packaged into the same discrete device package body,
and an anode of the first diode is connected to an anode
of the second diode, or a cathode of the first diode is
connected to a cathode of the second diode.
[0053] In this embodiment of this application, two di-
odes with different performance are packaged into one
discrete device package body, so that an area and a vol-
ume of a circuit can be reduced, thereby improving inte-
gration and power density of the circuit.
[0054] In addition, two diodes with different perform-
ance are packaged into one discrete device package
body, so that one discrete device package can be saved,
thereby reducing packaging costs.
[0055] Further, when the diode discrete device in this
embodiment of this application is used in a circuit with a
bypass function, only one diode causes a loss at a same
moment. Therefore, a heat dissipation requirement can
be met by using a heat sink corresponding to a single
discrete device package, so that a size of the heat sink
is reduced, and utilization of the heat sink can be im-
proved, thereby further reducing costs.
[0056] It should be noted that the first performance is
switching performance of the diode.
[0057] With reference to the fourth aspect, in some im-
plementations of the fourth aspect, the first diode is a
wide-bandgap semiconductor device, and the second di-
ode is a silicon-based semiconductor device.
[0058] With reference to the fourth aspect, in some im-
plementations of the fourth aspect, the wide-bandgap
semiconductor device is a silicon carbide semiconductor
device, or the wide-bandgap semiconductor device is a
gallium nitride semiconductor device.
[0059] With reference to the fourth aspect, in some im-
plementations of the fourth aspect, both the first diode
and the second diode are silicon-based semiconductor
devices.
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[0060] For example, the first diode may be a silicon-
based fast recovery diode, and the second diode may be
a silicon-based rectifier diode.
[0061] Optionally, the first performance may further in-
clude a reverse recovery current.
[0062] With reference to the fourth aspect, in some im-
plementations of the fourth aspect, second performance
of the second diode is better than second performance
of the first diode, and the second performance includes
at least one of a withstand voltage level, a conduction
voltage drop, and a withstand current level.
[0063] In this embodiment of this application, when a
bypass of the circuit works, the bypass diode is forward
conducted. Therefore, if a conduction voltage drop of the
second diode is better than a conduction voltage drop of
the first diode, a loss is relatively low when the bypass
of the circuit works.
[0064] With reference to the fourth aspect, in some im-
plementations of the fourth aspect, the diode discrete
device includes at least three electrodes.
[0065] With reference to the fourth aspect, in some im-
plementations of the fourth aspect, the anode of the first
diode and the anode of the second diode are connected
to each other inside the discrete device package body;
the cathode of the first diode and the cathode of the sec-
ond diode are connected to each other inside the discrete
device package body; the anode of the first diode and
the anode of the second diode are connected to each
other outside the discrete device package body; or the
cathode of the first diode and the cathode of the second
diode are connected to each other outside the discrete
device package body.
[0066] With reference to the fourth aspect, in some im-
plementations of the fourth aspect, the discrete device
package body is a TO-247 package, the discrete device
package body is a TO-220 package, the discrete device
package body is a TO-263 package, or the discrete de-
vice package body is a TO-252 package.
[0067] In this embodiment of this application, two di-
odes with different performance are packaged into one
discrete device package body, so that an area and a vol-
ume of a circuit can be reduced, thereby improving inte-
gration and power density of the circuit.

BRIEF DESCRIPTION OF DRAWINGS

[0068]

FIG. 1 is a schematic diagram of a boost (boost)
circuit with a bypass function according to an em-
bodiment of this application;
FIG. 2 is a schematic diagram of a diode discrete
device according to an embodiment of this applica-
tion;
FIG. 3 is a schematic diagram of another diode dis-
crete device according to an embodiment of this ap-
plication;
FIG. 4 is a schematic diagram of still another diode

discrete device according to an embodiment of this
application;
FIG. 5 is a schematic diagram of a circuit in which a
diode discrete device is used according to an em-
bodiment of this application; and
FIG. 6 is a schematic diagram of another circuit in
which a diode discrete device is used according to
an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0069] The following describes technical solutions in
this application with reference to accompanying draw-
ings in the embodiments.
[0070] Clearly, the described embodiments are merely
some but not all of the embodiments of this application.
All other embodiments obtained by a person of ordinary
skill in the art based on the embodiments of this applica-
tion without creative efforts shall fall within the protection
scope of this application.
[0071] An embodiment of this application provides a
diode discrete device. The diode discrete device may be
applied to various circuits with a bypass function, and the
circuit with the bypass function may be a converter or a
partial circuit that constitutes a converter system. The
converter may be a boost converter (for example, a boost
(boost) converter with the bypass function) or a buck con-
verter (for example, a buck (buck) converter with the by-
pass function), or may be another converter with the by-
pass function. This is not limited in this embodiment of
this application.
[0072] It should be noted that, in this embodiment of
this application, the boost converter may also be referred
to as a boost circuit, the boost (boost) converter may also
be referred to as a boost (boost) circuit, the buck con-
verter may also be referred to as a buck circuit, and the
buck (buck) converter may also be referred to as a buck
(buck) circuit (or referred to as a buck (buck) circuit).
[0073] For ease of understanding, the following uses
the boost (boost) circuit as an example to describe the
diode discrete device in this embodiment of this applica-
tion. A person skilled in the art may understand that the
description in the following embodiments is merely an
example rather than a limitation.
[0074] In a conventional technology, to reduce a con-
duction loss of a boost (boost) circuit when an active
switching device does not perform a switching action, a
bypass function may be added to the circuit. FIG. 1 shows
a boost (boost) circuit 100 with a bypass function.
[0075] In FIG. 1, the boost (boost) circuit 100 with the
bypass function may include an active switching device
10, an inductor 20, a main circuit diode 30, a bypass
diode 40, and a capacitor 50. The active switching device
10 may be an insulated gate bipolar transistor (insulated
gate bipolar transistor, IGBT) or a metal-oxide semicon-
ductor field-effect transistor (metal-oxide semiconductor
field-effect transistor, MOSFET), and the active switching
device 10 may be configured to perform a switching ac-
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tion.
[0076] It may be understood by a person skilled in the
art that, that the active switching device 10 performs the
switching action means that the active switching device
10 repeatedly performs, at a specific frequency, a series
of actions "the active switching device 10 is closed for a
period of time and then is opened for another period", so
that the boost (boost) circuit in FIG. 1 boosts an input
voltage, and a main circuit of the boost (boost) circuit is
working; and that the active switching device 10 does not
perform the switching action means that the active
switching device 10 keeps open, so that the bypass diode
40 is forward conducted, and a bypass of the boost
(boost) circuit is working.
[0077] Although the bypass function is added to the
boost (boost) circuit, a diode with a relatively low con-
duction voltage drop is selected as the bypass diode 40,
so that a conduction loss of the circuit can be effectively
reduced. However, when the bypass function is added,
an area and a volume of the circuit also increase, and
consequently integration and power density of the circuit
are reduced.
[0078] Therefore, an embodiment of this application
provides a diode discrete device, to improve integration
and power density of a circuit.
[0079] The following describes the diode discrete de-
vice in this embodiment of this application in detail with
reference to FIG. 2, FIG. 3, and FIG. 4. It should be un-
derstood that diode discrete devices shown in FIG. 2,
FIG. 3, and FIG. 4 are merely examples, and the diode
discrete devices each may include more devices or units.
In addition, a location of each device or unit in the diode
discrete devices shown in FIG. 2, FIG. 3, and FIG. 4 is
merely an example rather than a limitation.
[0080] The diode discrete device in this embodiment
of this application may be used in a circuit with a bypass
function, and the diode discrete device may include a
discrete device package body, a first diode, and a second
diode.
[0081] The first diode may be a main circuit diode, the
second diode may be a bypass diode, first performance
of the first diode may be better than first performance of
the second diode, and the first performance includes a
reverse recovery charge and reverse recovery time.
[0082] It should be noted that the first performance is
switching performance of the diode.
[0083] Optionally, the first diode may be a wide-band-
gap semiconductor device, and the second diode may
be a silicon-based semiconductor device.
[0084] For example, the wide-bandgap semiconductor
device may be a silicon carbide semiconductor device,
or the wide-bandgap semiconductor device may be a gal-
lium nitride semiconductor device.
[0085] Alternatively, both the first diode and the second
diode may be silicon-based semiconductor devices.
[0086] For example, the first diode may be a silicon-
based fast recovery diode, and the second diode may be
a silicon-based rectifier diode.

[0087] Optionally, the first diode and the second diode
may be packaged into the discrete device package body,
and an anode of the first diode may be connected to an
anode of the second diode, or a cathode of the first diode
may be connected to a cathode of the second diode.
[0088] It should be noted that the first diode may in-
clude one or more same diodes (or diodes with same
performance). For example, the first diode may be a di-
ode formed by connecting a plurality of same diodes (or
diodes with same performance) in parallel, or the first
diode may be a diode obtained by packaging a plurality
of same diodes (or diodes with same performance).
[0089] The second diode is similar to the first diode,
and may also include one or more same diodes (or diodes
with same performance). Details are not described herein
again.
[0090] In this embodiment of this application, two di-
odes with different performance are packaged into one
discrete device package body, so that an area and a vol-
ume of a circuit can be reduced, thereby improving inte-
gration and power density of the circuit.
[0091] In addition, two diodes with different perform-
ance are packaged into one discrete device package
body, so that one discrete device package can be saved,
thereby reducing packaging costs.
[0092] Further, when the diode discrete device in this
embodiment of this application is used in the circuit with
the bypass function, only one diode causes a loss at a
same moment.
[0093] Specifically, when a main circuit of the circuit
works, an active switching device of the main circuit per-
forms a switching action, the main circuit diode (namely,
the first diode of the diode discrete device) passively fol-
lows the active switching device to perform the switching
action, and the bypass diode (namely, the second diode
of the diode discrete device) is reversely cut off. In this
case, the main circuit diode causes a loss in the diode
discrete device. When a bypass of the circuit works, the
active switching device of the main circuit does not per-
form the switching action, the main circuit diode corre-
spondingly also does not perform the switching action,
and the bypass diode is forward conducted. In this case,
the bypass diode causes a loss in the diode discrete de-
vice.
[0094] Therefore, a heat dissipation requirement can
be met by using a heat sink corresponding to a single
discrete device package, so that a size of the heat sink
is reduced, and utilization of the heat sink can be im-
proved, thereby further reducing costs.
[0095] Optionally, the first performance may further in-
clude a reverse recovery current.
[0096] The discrete device package body may be a
housing enclosing one or more discrete semiconductor
devices (for example, diodes in this embodiment of this
application), and a material of the discrete device pack-
age body may be metal, plastic, glass, or ceramic, or may
be another material. This is not limited in this embodiment
of this application.
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[0097] The discrete device package body may protect
the discrete semiconductor device, to reduce impact of
mechanical stress, chemical pollution, light source irra-
diation, and the like on the discrete semiconductor de-
vice. In addition, the discrete device package body may
further provide a connection path between the discrete
semiconductor device inside the discrete device package
body and an external circuit of the discrete device pack-
age body by using a connection point such as a back-
plane, a ball point, or a pin.
[0098] In this embodiment of this application, the dis-
crete device package body may be a TO-247 package,
the discrete device package body may be a TO-220 pack-
age, the discrete device package body may be a TO-263
package, or the discrete device package body may be a
TO-252 package.
[0099] In this embodiment of this application, second
performance of the second diode may be better than sec-
ond performance of the first diode, and the second per-
formance may include at least one of a withstand voltage
level, a conduction voltage drop, and a withstand current
level.
[0100] In this embodiment of this application, when the
bypass of the circuit works, the bypass diode is forward
conducted. Therefore, if a conduction voltage drop of the
second diode is better than a conduction voltage drop of
the first diode, a loss is relatively low when the bypass
of the circuit works.
[0101] For example, a withstand voltage level of the
second diode is better than a withstand voltage level of
the first diode, a conduction voltage drop of the second
diode is better than a conduction voltage drop of the first
diode, and a withstand current level of the second diode
is better than a withstand current level of the first diode.
[0102] For another example, a withstand voltage level
of the second diode is the same as a withstand voltage
level of the first diode, but a conduction voltage drop of
the second diode is better than a conduction voltage drop
of the first diode, and a withstand current level of the
second diode is better than a withstand current level of
the first diode.
[0103] In this embodiment of this application, the diode
discrete device may include at least three electrodes.
[0104] For example, FIG. 2 is a schematic structural
diagram of a diode discrete device 200 according to an
embodiment of this application.
[0105] The diode discrete device 200 in FIG. 2 includes
a first diode 210, a second diode 220, and a discrete
device package body 230. The diode discrete device 200
includes three electrodes: an anode 242, an anode 244,
and a cathode 246.
[0106] As shown in FIG. 2, a cathode of the first diode
210 and a cathode of the second diode 220 may be con-
nected to each other inside the discrete device package
body 230, and a cathode obtained after the connection
is the cathode 246.
[0107] FIG. 3 is a schematic structural diagram of a
diode discrete device 300 according to another embod-

iment of this application.
[0108] The diode discrete device 300 in FIG. 3 includes
a first diode 310, a second diode 320, and a discrete
device package body 330. The diode discrete device 300
includes three electrodes: an anode 342, a cathode 344,
and a cathode 346.
[0109] As shown in FIG. 3, an anode of the first diode
310 and an anode of the second diode 320 may be con-
nected to each other inside the discrete device package
body 330, and an anode obtained after the connection
is the anode 342.
[0110] For another example, FIG. 4 is a schematic
structural diagram of a diode discrete device 400 accord-
ing to still another embodiment of this application.
[0111] The diode discrete device 400 in FIG. 4 includes
a first diode 410, a second diode 420, and a discrete
device package body 430. The diode discrete device 400
includes fourth electrodes: an anode 442, an anode 444,
a cathode 446, and a cathode 448.
[0112] Optionally, the anode 442 of the first diode 410
and the anode 444 of the second diode 420 that are
shown in FIG. 4 may be connected to each other outside
the discrete device package body 430.
[0113] Optionally, the cathode 446 of the first diode
410 and the cathode 448 of the second diode 420 that
are shown in FIG. 4 may be connected to each other
outside the discrete device package body 430.
[0114] In this embodiment of this application, the diode
discrete device may alternatively include more than four
electrodes. This is not limited in this embodiment of this
application.
[0115] The diode discrete devices shown in FIG. 2,
FIG. 3, and FIG. 4 each may be used in circuits with the
bypass function, for example, a boost (boost) circuit and
a buck (buck) circuit. With reference to FIG. 5 and FIG.
6, the following describes application of the diode dis-
crete device in this embodiment of this application to a
boost (boost) circuit and a buck (buck) circuit.
[0116] It should be understood that FIG. 5 and FIG. 6
are merely examples rather than limitations. The diode
discrete device in this embodiment of this application may
be alternatively used in another circuit with a bypass func-
tion. This is not limited in this embodiment of this appli-
cation.
[0117] FIG. 5 shows a boost (boost) circuit 500 with a
bypass function according to an embodiment of this ap-
plication. The circuit 500 may include an active switching
device 510, an inductor 520, a diode discrete device 530,
and a capacitor 540. The diode discrete device 530 may
be the diode discrete device shown in FIG. 2, FIG. 3, or
FIG. 4.
[0118] Optionally, the diode discrete device 530 may
include a first diode 532, a second diode 534, and a dis-
crete device package body 536. The first diode 532 may
be connected to a main circuit, and the second diode 534
may be connected to a bypass.
[0119] First performance of the first diode 532 may be
better than first performance of the second diode 534,
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and the first performance includes a reverse recovery
charge and reverse recovery time.
[0120] It should be noted that the first performance is
switching performance of the diode.
[0121] Optionally, the first diode 532 may be a wide-
bandgap semiconductor device, and the second diode
534 may be a silicon-based semiconductor device.
[0122] For example, the wide-bandgap semiconductor
device may be a silicon carbide semiconductor device,
or the wide-bandgap semiconductor device may be a gal-
lium nitride semiconductor device.
[0123] Optionally, both the first diode 532 and the sec-
ond diode 534 may be silicon-based semiconductor de-
vices.
[0124] For example, the first diode 532 may be a sili-
con-based fast recovery diode, and the second diode
534 may be a silicon-based rectifier diode.
[0125] The first diode 532 and the second diode 534
may be packaged into the discrete device package body
536, and a cathode of the first diode 532 may also be
connected to a cathode of the second diode 534.
[0126] In this embodiment of this application, the dis-
crete device package body 536 may be a TO-247 pack-
age, the discrete device package body 536 may be a TO-
220 package, the discrete device package body 536 may
be a TO-263 package, or the discrete device package
body 536 may be a TO-252 package.
[0127] Optionally, second performance of the second
diode 534 may be better than second performance of the
first diode 532, and the second performance may include
at least one of a withstand voltage level, a conduction
voltage drop, and a withstand current level.
[0128] In this embodiment of this application, the diode
discrete device may include at least three electrodes.
[0129] Optionally, the cathode of the first diode 532
and the cathode of the second diode 534 may be con-
nected to each other inside the discrete device package
body 536 as shown in FIG. 2.
[0130] Alternatively, the diode discrete device may in-
clude four electrodes.
[0131] For example, the cathode of the first diode 532
and the cathode of the second diode 534 are connected
to each other outside the discrete device package body
536.
[0132] FIG. 6 shows a buck (buck) circuit 600 with a
bypass function according to an embodiment of this ap-
plication. The circuit 600 may include an active switching
device 610, an inductor 620, a diode discrete device 630,
and a capacitor 640. The diode discrete device 630 may
be the diode discrete device shown in FIG. 2, FIG. 3, or
FIG. 4.
[0133] Optionally, the diode discrete device 630 may
include a first diode 632, a second diode 634, and a dis-
crete device package body 636. The first diode 632 may
be connected to a main circuit, and the second diode 634
may be connected to a bypass.
[0134] First performance of the first diode 632 may be
better than first performance of the second diode 634,

and the first performance includes a reverse recovery
charge and reverse recovery time.
[0135] It should be noted that the first performance is
switching performance of the diode.
[0136] Optionally, the first diode 632 may be a wide-
bandgap semiconductor device, and the second diode
634 may be a silicon-based semiconductor device.
[0137] For example, the wide-bandgap semiconductor
device may be a silicon carbide semiconductor device,
or the wide-bandgap semiconductor device may be a gal-
lium nitride semiconductor device.
[0138] Optionally, both the first diode 632 and the sec-
ond diode 634 may be silicon-based semiconductor de-
vices.
[0139] For example, the first diode 632 may be a sili-
con-based fast recovery diode, and the second diode
634 may be a silicon-based rectifier diode.
[0140] The first diode 632 and the second diode 634
may be packaged into the discrete device package body
636, and an anode of the first diode 632 may be connect-
ed to an anode of the second diode 634.
[0141] In this embodiment of this application, the dis-
crete device package body 636 may be a TO-247 pack-
age, the discrete device package body 636 may be a TO-
220 package, the discrete device package body 636 may
be a TO-263 package, or the discrete device package
body 636 may be a TO-252 package.
[0142] Optionally, second performance of the second
diode 634 may be better than second performance of the
first diode 632, and the second performance may include
at least one of a withstand voltage level, a conduction
voltage drop, and a withstand current level.
[0143] In this embodiment of this application, the diode
discrete device may include at least three electrodes.
[0144] Optionally, the anode of the first diode 632 and
the anode of the second diode 634 may be connected to
each other inside the discrete device package body 636
as shown in FIG. 3.
[0145] Alternatively, the diode discrete device may in-
clude four electrodes.
[0146] For example, the anode of the first diode 632
and the anode of the second diode 634 may be connected
to each other outside the discrete device package body
636.
[0147] An embodiment of this application further pro-
vides a discrete device packaging method. The method
specifically includes: packaging a first diode and a sec-
ond diode into a same discrete device package body to
obtain a diode discrete device.
[0148] The first diode may be a main circuit diode, the
second diode may be a bypass diode, first performance
of the first diode may be better than first performance of
the second diode, the first performance may include a
reverse recovery charge and reverse recovery time, the
first diode and the second diode may be packaged into
the same discrete device package body, and an anode
of the first diode may be connected to an anode of the
second diode, or a cathode of the first diode may be con-
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nected to a cathode of the second diode.
[0149] It should be noted that the first performance is
switching performance of the diode.
[0150] Optionally, the first performance may further in-
clude a reverse recovery current.
[0151] Optionally, second performance of the second
diode is better than second performance of the first diode,
and the second performance may include at least one of
a withstand voltage level, a conduction voltage drop, and
a withstand current level.
[0152] Optionally, the first diode may be a wide-band-
gap semiconductor device, and the second diode may
be a silicon-based semiconductor device.
[0153] For example, the wide-bandgap semiconductor
device is a silicon carbide semiconductor device, or the
wide-bandgap semiconductor device is a gallium nitride
semiconductor device.
[0154] Optionally, both the first diode and the second
diode are silicon-based semiconductor devices.
[0155] Optionally, the diode discrete device includes
at least three electrodes.
[0156] Optionally, the anode of the first diode and the
anode of the second diode are connected to each other
inside the discrete device package body; the cathode of
the first diode and the cathode of the second diode are
connected to each other inside the discrete device pack-
age body; the anode of the first diode and the anode of
the second diode are connected to each other outside
the discrete device package body; or the cathode of the
first diode and the cathode of the second diode are con-
nected to each other outside the discrete device package
body.
[0157] Optionally, the discrete device package body
may be a TO-247 package, the discrete device package
body may be a TO-220 package, the discrete device
package body may be a TO-263 package, or the discrete
device package body may be a TO-252 package.
[0158] According to the discrete device packaging
method, the diode discrete device shown in FIG. 2, FIG.
3, or FIG. 4 can be obtained by packaging the first diode
and the second diode into the same discrete device pack-
age body.
[0159] The diode discrete device may be used in the
circuits with the bypass function that are shown in FIG.
5 and FIG. 6. The diode discrete device can reduce an
area and a volume of the circuit, thereby improving inte-
gration and power density of the circuit.
[0160] It should be understood that the term "and/or"
in this specification indicates only an association rela-
tionship for describing associated objects and represents
that three relationships may exist. For example, A and/or
B may represent the following three cases: Only A exists,
both A and B exist, and only B exists, where A and B may
be singular or plural. In addition, the character "/" in this
specification usually indicates an "or" relationship be-
tween associated objects, but may alternatively indicate
a "and/or" relationship. For details, refer to the context
for understanding.

[0161] In this application, "at least one" means one or
more, and "a plurality of’ means two or more. The term "at
least one of the following items" or a similar expression
means any combination of these items, including any
combination of singular terms of plural items. For exam-
ple, at least one of a, b, or c may indicate a, b, c, a and
b, a and c, b and c, or a, b, and c, where a, b, and c may
be singular or plural.
[0162] It should be understood that sequence numbers
of the foregoing processes do not mean execution se-
quences in the embodiments of this application. The ex-
ecution sequences of the processes should be deter-
mined based on functions and internal logic of the proc-
esses, and should not be construed as any limitation on
the implementation processes of the embodiments of this
application.
[0163] The foregoing descriptions are merely specific
implementations of this application, but the protection
scope of this application is not limited thereto. Any vari-
ation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of
this application. Therefore, the protection scope of this
application shall be subject to the protection scope of the
claims.

Claims

1. A diode discrete device, wherein the diode discrete
device is used in a circuit with a bypass function, and
the diode discrete device comprises:

a discrete device package body, a first diode,
and a second diode, wherein
the first diode is a main circuit diode, the second
diode is a bypass diode, first performance of the
first diode is better than first performance of the
second diode, and the first performance com-
prises a reverse recovery charge and reverse
recovery time; and
the first diode and the second diode are pack-
aged into the discrete device package body, and
an anode of the first diode is connected to an
anode of the second diode, or a cathode of the
first diode is connected to a cathode of the sec-
ond diode.

2. The diode discrete device according to claim 1,
wherein second performance of the second diode is
better than second performance of the first diode,
and the second performance comprises at least one
of a withstand voltage level, a conduction voltage
drop, and a withstand current level.

3. The diode discrete device according to claim 1 or 2,
wherein the first diode is a wide-bandgap semicon-
ductor device, and the second diode is a silicon-
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based semiconductor device.

4. The diode discrete device according to claim 3,
wherein the wide-bandgap semiconductor device is
a silicon carbide semiconductor device, or the wide-
bandgap semiconductor device is a gallium nitride
semiconductor device.

5. The diode discrete device according to claim 1 or 2,
wherein both the first diode and the second diode
are silicon-based semiconductor devices.

6. The diode discrete device according to any one of
claims 1 to 5, wherein the diode discrete device com-
prises at least three electrodes.

7. The diode discrete device according to any one of
claims 1 to 6, wherein

the anode of the first diode and the anode of the
second diode are connected to each other inside
the discrete device package body;
the cathode of the first diode and the cathode of
the second diode are connected to each other
inside the discrete device package body;
the anode of the first diode and the anode of the
second diode are connected to each other out-
side the discrete device package body; or
the cathode of the first diode and the cathode of
the second diode are connected to each other
outside the discrete device package body.

8. The diode discrete device according to any one of
claims 1 to 7, wherein the discrete device package
body is a TO-247 package, the discrete device pack-
age body is a TO-220 package, the discrete device
package body is a TO-263 package, or the discrete
device package body is a TO-252 package.

9. A circuit with a bypass function, wherein the circuit
comprises:

a main circuit, a bypass, and a diode discrete
device used in the circuit, wherein
the diode discrete device comprises a discrete
device package body, a first diode, and a second
diode, the first diode is connected to the main
circuit, and the second diode is connected to the
bypass;
first performance of the first diode is better than
first performance of the second diode, and the
first performance comprises a reverse recovery
charge and reverse recovery time; and
the first diode and the second diode are pack-
aged into the discrete device package body, and
an anode of the first diode is connected to an
anode of the second diode, or a cathode of the
first diode is connected to a cathode of the sec-

ond diode.

10. The circuit according to claim 9, wherein second per-
formance of the second diode is better than second
performance of the first diode, and the second per-
formance comprises at least one of a withstand volt-
age level, a conduction voltage drop, and a withstand
current level.

11. The circuit according to claim 9 or 10, wherein the
first diode is a wide-bandgap semiconductor device,
and the second diode is a silicon-based semicon-
ductor device.

12. The circuit according to claim 11, wherein the wide-
bandgap semiconductor device is a silicon carbide
semiconductor device, or the wide-bandgap semi-
conductor device is a gallium nitride semiconductor
device.

13. The circuit according to claim 9 or 10, wherein both
the first diode and the second diode are silicon-
based semiconductor devices.

14. The circuit according to any one of claims 9 to 13,
wherein the diode discrete device comprises at least
three electrodes.

15. The circuit according to any one of claims 9 to 14,
wherein

the anode of the first diode and the anode of the
second diode are connected to each other inside
the discrete device package body;
the cathode of the first diode and the cathode of
the second diode are connected to each other
inside the discrete device package body;
the anode of the first diode and the anode of the
second diode are connected to each other out-
side the discrete device package body; or
the cathode of the first diode and the cathode of
the second diode are connected to each other
outside the discrete device package body.

16. The circuit according to any one of claims 9 to 15,
wherein the discrete device package body is a TO-
247 package, the discrete device package body is a
TO-220 package, the discrete device package body
is a TO-263 package, or the discrete device package
body is a TO-252 package.

17. A converter, wherein the converter comprises at
least one diode discrete device, and the diode dis-
crete device comprises a discrete device package
body, a first diode, and a second diode, wherein

the first diode is a main circuit diode, the second
diode is a bypass diode, first performance of the
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first diode is better than first performance of the
second diode, and the first performance com-
prises a reverse recovery charge and reverse
recovery time; and
the first diode and the second diode are pack-
aged into the discrete device package body, and
an anode of the first diode is connected to an
anode of the second diode, or a cathode of the
first diode is connected to a cathode of the sec-
ond diode.

18. The converter according to claim 17, wherein second
performance of the second diode is better than sec-
ond performance of the first diode, and the second
performance comprises at least one of a withstand
voltage level, a conduction voltage drop, and a with-
stand current level.

19. The converter according to claim 17 or 18, wherein
the first diode is a wide-bandgap semiconductor de-
vice, and the second diode is a silicon-based semi-
conductor device.

20. The converter according to claim 19, wherein the
wide-bandgap semiconductor device is a silicon car-
bide semiconductor device, or the wide-bandgap
semiconductor device is a gallium nitride semicon-
ductor device.

21. The converter according to claim 17 or 18, wherein
both the first diode and the second diode are silicon-
based semiconductor devices.

22. The converter according to any one of claims 17 to
21, wherein the diode discrete device comprises at
least three electrodes.

23. The converter according to any one of claims 17 to
22, wherein

the anode of the first diode and the anode of the
second diode are connected to each other inside
the discrete device package body;
the cathode of the first diode and the cathode of
the second diode are connected to each other
inside the discrete device package body;
the anode of the first diode and the anode of the
second diode are connected to each other out-
side the discrete device package body; or
the cathode of the first diode and the cathode of
the second diode are connected to each other
outside the discrete device package body.

24. The converter according to any one of claims 17 to
23, wherein the discrete device package body is a
TO-247 package, the discrete device package body
is a TO-220 package, the discrete device package
body is a TO-263 package, or the discrete device

package body is a TO-252 package.

25. A discrete device packaging method, comprising:

packaging a first diode and a second diode into
a same discrete device package body to obtain
a diode discrete device, wherein
the first diode is a main circuit diode, the second
diode is a bypass diode, first performance of the
first diode is better than first performance of the
second diode, the first performance comprises
a reverse recovery charge and reverse recovery
time, the first diode and the second diode are
packaged into the same discrete device pack-
age body, and an anode of the first diode is con-
nected to an anode of the second diode, or a
cathode of the first diode is connected to a cath-
ode of the second diode.

26. The packaging method according to claim 25, where-
in second performance of the second diode is better
than second performance of the first diode, and the
second performance comprises at least one of a
withstand voltage level, a conduction voltage drop,
and a withstand current level.

27. The packaging method according to claim 25 or 26,
wherein the first diode is a wide-bandgap semicon-
ductor device, and the second diode is a silicon-
based semiconductor device.

28. The packaging method according to claim 27, where-
in the wide-bandgap semiconductor device is a sili-
con carbide semiconductor device, or the wide-
bandgap semiconductor device is a gallium nitride
semiconductor device.

29. The packaging method according to claim 25 or 26,
wherein both the first diode and the second diode
are silicon-based semiconductor devices.

30. The packaging method according to any one of
claims 25 to 29, wherein the diode discrete device
comprises at least three electrodes.

31. The packaging method according to any one of
claims 25 to 30, wherein

the anode of the first diode and the anode of the
second diode are connected to each other inside
the discrete device package body;
the cathode of the first diode and the cathode of
the second diode are connected to each other
inside the discrete device package body;
the anode of the first diode and the anode of the
second diode are connected to each other out-
side the discrete device package body; or
the cathode of the first diode and the cathode of
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the second diode are connected to each other
outside the discrete device package body.

32. The packaging method according to any one of
claims 25 to 31, wherein the discrete device package
body is a TO-247 package, the discrete device pack-
age body is a TO-220 package, the discrete device
package body is a TO-263 package, or the discrete
device package body is a TO-252 package.
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